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Here we describe the use of spherical metal particles as bipolar electrodes (BPE) for the selective capture of biological cells by dielectrophoresis (DEP). In DEP, local electric field gradients are
used to separate cells based on differences in the cells’ dielectric properties. While DEP techniques offer high selectivity without requiring cell labeling steps, they suffer from low throughput
(slow processing of sample volume). This challenge can be solved by BPEs, which are ‘wireless’ electrodes. A BPE is a conducting object in an electrolyte, which when exposed to an electrical
field can facilitate capacitive charging and faradaic reactions at its opposing ends. Importantly, BPEs can be used to influence the electric field in a solution without the need for wire leads to
each electrode. The advantage of using BPEs for DEP is ease of fabrication and high-throughput implementation. Furthermore, the use of magnetic particles as BPEs allows for simple cell
recovery.
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DEP is a field-induced force acting on a polarizable particle when exposed to a non-uniform
electric field. (a) Real part of the CM factor of mammalian cells at low and high conductivity
solutions (b) At low frequency, it is driven by electrical conductivity; while at high frequency,
permittivity dictates.
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BPE is an electronic conductor in
contact with an ionically conductive
phase. Faradic reaction can occur on
both ends of BPE without wire leads
in a DC electric field. (a) and (b) part
are side and top view of hybrid
PDMS/glass microdevice. A driving
potential applied on both end of
microchannel. (c) Diagram showing
the electrical potential dropped
linearly along microchannel. Here we
are using BPEs to shape AC electric
field. No faradaic reactions.
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Metal particles worked
as BPE
Cells
Use the same idea of metal strip BPE,
metal particle BPE can work as 3D shape
and attract cells on both end of metal
particle.
The advantages of using DEP-
based techniques for cell
separation are that they allow full
release of captured cells, and due
to retention of cell viability, they
enable post-separation culture
and drug testing. These features
make DEP an important tool for
determining disease diagnosis or
prognosis.
An additional advantage of DEP is
that it achieves separation without
employing any tag/label, but
instead based on the cells’
physical properties. This feature
may decrease bias in the capture
of cancer cells in blood because
the separation does not rely on
the expression of any specific
biomarkers.
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(Anand, Sheridan, Knust. Analytical chem 2011.83,2351-2358)
DEP Manipulation of cells
Advantage of using DEP in BPE
(Annu. Rev. Biomed. Eng.2006.8,425-54) 
BPE in microfluidic device
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Initial Work Resutls and Future Work Plan
Cells can be captured either at the particle equator (along the
electric field) by pDEP or at the poles (perpendicular to field lines) by
nDEP. Response of MDA cells and Jurkat cells in an applied AC
field. (a). MDA cells at 15 Vpp and 70 kHz, experience pDEP. (b).
Jurkat cells at 15 Vpp and 70 kHz, experience nDEP. (c) Schematic
of nDEP and pDEP.
(b)
(d)
(d). Schematic of DEP-
FFF(side view), showing that
two cell populations, levitated
to different heights by DEP
force, separate along the
direction of flow in parabolic
flow.
(Annu. Rev. Biomed. Eng.2006.8,425-54) 
Use beads response to magnetic property to
achieve separation.
Advantage:
• Selective Capture
• Single-cell capture
• High-throughput
Drawback:
• Continuous flow
(a) (c)
